Abstract Two novel ternary and binary mono-oxovanadium(IV) complexes of acetylacetonate (ac) and 1,3-dipyridin-2-yl-urea are synthesized, as VO(acac)(L) (1:1) and VO(L) 2 (1:2). They are characterized by various physico-chemical spectroscopic tools. The formation constants K f are calculated from the spectrophotometric measurements. The catalytic potential of VO(acac)(L) and VO(L) 2 has been examined in the (ep)oxidation of alkenes (cis-cyclooctene and 1-octene) by an aqueous hydrogen peroxide, H 2 O 2 , and tert-butyl hydroperoxide, TBHP. The effects of temperature, solvent and oxidant/alkene molar ratio are studied in order to get the optimized reaction conditions. Most of the catalytic (ep)oxidation products of cis-cyclooctene and 1-octene are determined qualitatively and quantitatively using gas chromatographic analysis. The increase of the catalyst amount to double time reduces the (ep)oxidation process time with improvement of the amount of the chemoselective epoxy product.
Introduction
Oxovanadium complexes are very important class of high valent 3d transition metal complexes which attracted attention in therapeutic and medicinal immense [1] , as anti-cancers [2] , anti-diabetes [3] and speciation in human serum [4] . High progressed applicability of oxovanadium complexes is in the (ep)oxidation of organic substrates [5, 6] . They are high effective and selective catalysts for many homogeneous and heterogeneous oxidation processes of unsaturated hydrocarbons [7] [8] [9] . Indeed, vanadium ion features various oxidation states, especially accessible high oxidation states, i.e. oxovanadium(IV), with different coordination modes and a high affinity for oxygen, sulfur and nitrogen donation have been reported [10, 11] .
The coordination chemical behavior of 1,3-dipyridin-2-yl-urea, and their derivatives with various first row of transition metals is of interest due to the presence of O,N-donor atoms [12] and/or participation in intramolecular hydrogenbonding interactions [13, 14] . Kyriakidou et al. [15] , studied the coordination behavior of 1,3-dipyridylurea with Ni 2? ion in molar ratios 1(metal):3 (ligand), whereas, Tiliakos et al. [16] reported the complexation of Ni 2? with 1,3-dipyridylurea was 1:2 with coordination of two nitrate ions to Ni 2? ion in the molecular structure. Furthermore, their possible behavior as polydentate deprotonated ligands also lead to dianionic ligands and forming polynuclear complexes as observed previously in the complexation of ruthenium with 1,3-dipyridylurea [12] .
Therefore, due to the aforementioned importance and in continuation of our work [11] , two novel VO-complexes of VO 2? ions with 1,3-dipyridin-2-yl-urea are synthesized and characterized. Additionally, their catalytic potential is examined in the (ep)oxidation of cis-cyclooctene and 1-octene by either an aqueous H 2 O 2 or TBHP as terminal oxidants under various reaction conditions to establish their catalytic potentials and the optimized catalytic conditions.
Experimental Instruments and reagents
All required reagents and materials are purchased from Sigma-Aldrich and Fluka, which directly used without any further purifications or treatment. Elemental analyses (C, H and N) were achieved with a GMBH VarioEl model V2.3 CHNS machine. Electronic spectra were measured using 10 mm silica cells in the thermostatted cell holder of a Jasco UV-Vis spectrophotometer (model V-570). Infrared spectra (as KBr discs) were recorded in the region of 4000-400 cm -1 using Shimadzu FTIR-8101 Fourier transform infrared spectrophotometer. Conductivity measurements were carried out using a Jenway conductivity meter model 4320, with an epoxy bodied conductivity cell (two electrodes, shiny) with cell constant calibration from 0.01 to 19 .99 at 25°C. Magnetic susceptibility of the studied complexes were measured on Gouy's balance, the diamagnetic correction were made by Pascal's contents and Hg[Co(SCN) 4 ] as a calibrant. All experimental reactions were taken place with magnetic stirring and held at chosen temperatures using a thermostated oil bath.
Synthesis of 1,3-dipyridin-2-yl-urea, HL
1,3-Di-pyridin-2-yl-urea (HL) was synthesized according to the reported method with some modifications [15] . To a cooled solution (in ice-acetone bath) of nicotinic acid (0.12 g, 1.0 mmol) and anhydrous triethylamine (0.13 mL, 1.0 mmol) in absolute THF (20 mL) anhydrous ethylchloroformate (0.10 mL, 1.0 mmol) was added dropwise with stirring. Then, a cold solution of 2-aminopyridine (0.18 g, 2.0 mmol) in absolute THF (10 mL) was added and the solution was stirred at room temperature for 3 h. The reaction mixture was evaporated under vacuum. The solid residue was extracted with dichloromethane and a solution of 5% Na 2 CO 3 was added under vigorous stirring. The organic phase was separated and dried over Na 2 SO 4 . The obtained residue after evaporation was recrystallized from ethanol to give the desired product as off white crystals in yield 60% ( 1 HNMR, 13 CNMR and dept-135, and mass spectra of HL are in Supplementary Information).
Synthesis of oxovanadium complexes

Synthesis of oxovanadium acetylacetonate 1,3-dipyridin-2-yl-urea complex, VO(acac)(L)
A methanolic solution (10 mL) of 1,3-dipyridin-2-yl-urea (0.21 g, 1.0 mmol) was added very slowly dropwisely to vanadyl acetylacetonate (0.26 g, 1.0 mmol) in methanol (10 mL) in ice bath with stirring. No change in color (blue) was observed after mixing. The resulted solution was heated at 60°C for 6 h. The color of the solution changed gradually to pale green with no formation of any precipitate. After cooling, solvent was removed in vacuum and the residual washed further by cold methanol and diethyl ether and dried in vacuum. The pure complex was recrystallized from hot methanol to award 0.26 g (70%) yield of pale greenish brown powder.
Synthesis of oxovanadium bis-1,3-dipyridin-2-yl-urea complex, VO(L) 2 A methanolic solution (10 mL) of vanadyl acetylacetonate (0.26 g, 1.0 mmol) was added dropwise to a methanolic mixture (20 mL) of 1,3-dipyridin-2-yl-urea (0.46 g, 2.0 mmol) and KOH (0.11 g, 2 mmol) at room temperature with noticed no change in color (blue) after mixing. Then, the reaction mixture was refluxed with stirring at 80°C for 2 h affording changing in color to green with no formation of any precipitate. The solvent was removed in vacuum and the residual was washed with cold methanol, water and diethyl ether. The obtained complex was recrystallized from hot methanol yielding 0.41 g (78%) of green powder.
Catalytic procedures
The catalytic oxidation of alkene (1.0 mmol, cis-cyclooctene or 1-octene) initiated by charging either 30% an aqueous H 2 O 2 (3.0 mmol) or 70% in water of TBHP (1.5 mmol), as the oxygen source, using VO-complexes as catalysts (0.01 mmol) in 10 mL of acetonitrile or other organic solvent (chloroform, acetone, DMF or carbon tetrachloride), at various temperatures (45, 70 and 85°C) in an oil bath under magnetic stirring for 16 h in an homogenous aerobic atmosphere. The catalytic processes were controlled by withdrawing samples (ca. 1 mL) at different time intervals during the catalytic process. Collected samples were treated with solid MnO 2 (ca. 20 mg) to quench the excess amounts an aqueous H 2 O 2 or TBHP and with anhydrous sodium sulfate (ca. 20 mg), under the same conditions for each catalytic run. The resulting slurry was filtered on Celite, and the filtrate was diluted by acetonitrile (1:3) mixed in vortex and then 1 lL of the sample was injected in the GC-MS.
The products of the catalytic processes were monitored and analyzed by Shimadzu gas chromatograph mass spectrometer (GC-MS) model QP2010 SE equipped with Rxi-5 Sil MS capillary column (30 m length 9 0.25 mm ID 9 025 um film thickness). The analysis was performed using the gas chromatography parameters as follow: injector temperature, 250°C; initial oven temperature, 40°C (held for 1 min), increased to 200°C at a rate of 10°C min . The total time required for one GC run was 17 min. The inlet was operated in the splitless mode. The MS transfer line was held at 200°C. The carrier gas is high-purity helium with a flow rate 1 mL min -1 . LabSolution software was used to control the system and to acquire the analytical data. Peaks identification were made by comparing the mass spectra of detected compounds with NIST mass spectral library.
Results and discussion
Synthesis and characterization of the oxovanadium complexes
The synthesis of the VO-complexes carried out by the reaction of 1,3-dipyridin-2-yl-urea (HL) with vanadyl acetylacetonate, VO(acac) 2 in molar ratios 1:1 to afford VO(acac)(L) and 2:1 giving VO(L) 2 . They are soluble in DMSO and DMF. VO(acac)(L) is partial soluble in polar solvents, e.g. methanol, ethanol and acetone, whereas, VO(L) 2 is insoluble in polar or less polar organic solvents, e.g. methanol, acetone, chloroform and dichloromethane. The pH stability range of VO-complexes solutions (1.0 9 10 -3 mol dm -3 in DMSO) is in the region from pH * 4.2 to 9.4 using standard universal buffer solutions. They are unstable in strong basic and acidic media in which their color decays gradually. VO-complexes decompose at high temperatures ([ 300°C) as recorded in Table 1 .
The characteristic values of the VO-complexes are compared with those of the corresponding reported for complexes of 1,3-dipyridin-2-yl-thiourea [11] in order to confirm the coordination mode between VO 2? ion and HL ligand. The elemental microanalysis data of the VO-complexes are in good agreement (± 0.4%) with their tentative molecular structures (Table 1) . HL ligand in VO-complexes is acting as a chelating monobasic ligand in a monomeric structure with square pyramidal coordination geometry of the bis-binary complex, VO(L) 2 , and in the ternary complex, VO(acac)(L), as shown in Scheme 1. The UV-Visible absorption spectra of HL and its corresponding VO-complexes are scanned at the wavelength range 700-200 nm at 25°C (Fig. 1) . The maximum absorption wavelengths (k max ) and the calculated molar absorptivity (e) are given in Table 1 . An intense band in the range at 248 and 232 nm are assigned to a p ? p* transition originate in the aromatic moiety in VO(acac)(L) and VO(L) 2 , respectively. This band has been shifted in HL (251 nm) due to the effect of the presence of central metal ion due to the complexation. Additionally, an intense band at 275 and 277 nm for VO(acac)(L) and VO(L) 2 , respectively, is attributable for the n ? p* transitions without any observable shift for that band in the free ligand HL 2 , respectively, could be attributed to the charge transfer from HL to VO 2? ion (Table 1) . L ? MCT transition might arise due to a charge transfer from a negative charge on oxygen of the deprotonated isomer of HL [16] to the empty 3d (d p orbitals) of the vanadium ion ( Fig. 1) [17] .
The infrared spectral analysis of the studied complexes is presented in Table 2 . HL exhibited significant bands diagnostic characteristic of the broad vibrations of the two N-H bonds ( m NÀH ) at 3224 cm -1 . This band is associated with that [11] . These corresponded shifts suggest coordination of the oxygen atom of the azomethine group of HL and the nitrogen atom of the N-pyridine ring to the VO 2? ion ( Table 2 ). The carbonyl group was confirmed by presence of strong sharp bands at 1684 for HL and at 1699 cm -1 for VO(acac)(L), respectively. The C=O in VO(acac)(L) is corresponded to the coordinated acetylacetonate anion. On the other hand, the disappeared stretching vibrational band of C=O of the coordinated HL in VO(L) 2 is due to the coordination of the O-atom of the carbonyl group with appearance of a new band at 1673 cm -4 mol dm -3 and 25°C awarding very low conducting magnitudes as gathered in Table 3 . The results demonstrate that VO(acac)(L) and VO(L) 2 have non-electrolytic characters. Hence, the general formula of VO(acac)(L) and VO(L) 2 were suggested that acetylacetonate (acac) and 1,3-dipyridin-2-yl-urea (HL) ligands act as monobasic bidentate ligands to form non-electrolytic complexes, as shown in Scheme 1.
Magnetic susceptibility measurements of VO(acac)(L) and VO(L) 2 , are measured and presented in Table 3 . The results showed that, both VO(acac)(L) and VO(L) 2 as Table 3 Characteristic magnetic moments (l) and molar conductivity measurements (K m ) of the VOcomplexes (concentration in electrolytic solution = 1.0 9 10 -4 mol dm
) in DMSO and DMF at 25°C Mass spectral data of VO-complexes (electrospray ionization mass spectra) (in DMSO) binary and ternary complexes with highly spin and para-magnetic in a square pyramidal geometrical structures gave 1.24 and 1.76 B.M. values, respectively [18] . Therefore, based on these results and other previously reported literature [11] , two points might be concluded: firstly, the vanadium ions in the VO-complexes have no ability for interaction. Secondly, the VO-complexes with the square pyramidal structures are closed system which greatly affects their solubility behavior. The molecular ion (M ? 1) peak of all VO-complexes is shown in Figs. S1 and S2 (Supplementary Information). The relevant results confirmed that obtained and expected values of mass spectra matched appreciably indicating the mononuclearity of the VO-complexes without any interaction between VO 2? ions.
Determination of thermodynamic parameters of the oxovanadium complexes
The stoichiometry of the VO-complexes was estimated particularly by spectrophotometric continuous variation methods [19] . The spectral data confirm that the molar ratios of metal, VO 2? , to ligand (HL) in VO(L) 2 is 1:2, and is 1:1 in VO(acac)(L) as documented in Fig. S3 (Supplementary Information). The formation constants K f of VO(acac)(L) and VO(L) 2 , are calculated by using Eq. 1 which derived from the continuous variation method:
where A x is the absorbance at the complete formation of the VO-complex according to the continuous variation plot (Fig. S3) , A is the absorbance of the complex at the despotic recognized concentration C of metal ion, VO 2? . The calculated values Table 4 Stability constants and thermodynamic parameters of the VO-complexes, [VO-complex] = 1.0 9 10 -5 mol dm (Table 4) , showed that, all the prepared complexes exhibited high thermal stability characters [11] . The K f values for the studied complexes considerably reflect the decrease of substitution reaction of HL with one of acetylacetonate ion (acac) in VO(acac)(L) or with two ions of ac in VO(L) 2 . The K f values in Table 4 indicating that VO(L) 2 is more stable than VO(acac)(L).
The thermodynamic parameters of the VO-complexes formation could be calculated from the determined equilibrium formation constant at different temperatures. The Gibbs-Helmholtz equation, via using Eq. 2, which could be applied to determine D f H and D f S from the slope and intercept, respectively, of the linear plotting relationship of ln K f values as function of 1/T (Fig. 2) . The calculated thermodynamic parameters are gathered in Table 4 .
The negative values of D f G reflect that, the formation of the current VOcomplexes under all the studied conditions is spontaneous process. As D f H is positive, this refers to, the complex formation was endothermic reaction, and the metal-ligand bonds are much stronger, especially for VO(L) 2 [11] . Therefore, from the thermodynamic point of view and, the thermodynamic data indicating that, VO(acac)(L) is more reactive than VO(L) 2 (Fig. 3) . Mononuclear oxo-vanadium complexes are well known catalysts for various oxidation processes with moderate to high selectivity. Oxovanadium complexes are high effective catalysts for (ep)oxidation of alkenes [20] , specifically ciscyclooctene and 1-octene by an aqueous H 2 O 2 or TBHP in various reaction conditions [5, 21, 22] . Particularly, the chemoselective and target product of ciscyclooctene (ep)oxidation is epoxy-1,2-cyclooctane in high scale with contamination of other side products. Epoxy-1,2-octane is the target product of the 1-octene (ep)oxidation, which is also contaminated with other unwanted products.
To the best of our knowledge, it is so far in literatures to explore all possible catalytic (ep)oxidation products of cis-cyclooctene [23] and 1-octene [11] qualitatively and quantitatively. So, the most advantage here is to report the ratios of the most possible products of the cis-cyclooctene or 1-octene (ep)oxidation using an aqueous H 2 O 2 or TBHP catalyzed by VO(acac)(L) or VO(L) 2 in various reaction conditions. Consequently, all possible molecular structure of the (ep)oxidation products of cis-cyclooctene and 1-octene, as representative unsaturated alkanes, using either an aqueous H 2 O 2 or TBHP catalyzed by VO(acac)(L) or VO(L) 2 at various reaction conditions are considerably identified and determined qualitatively and quantitatively by GC-MS. They are summarized and presented in Tables 5, 6 and 7. There was no observable conversion of cis-cyclooctene or 1,2-octene in absence of the current VO-complex catalysts.
The conversion and chemoselectivity of the alkene (ep)oxidation to the epoxyproduct mainly depends on, the type of catalyst, type of oxidant, and the reaction conditions from solvents and temperature [8, 10] . Therefore, there are five unexpected side products have been identified for the (ep)oxidation of ciscyclooctene namely: 4-cyclooctene-1-one (2), 2-cyclooctene-1-one (4), 2-hydroxycyclooctanone (5), cyclooctane-1,2-diol (6), and cyclooctanone (7) (Scheme 2, Tables 5 and 6 ) [24] . However, another 5 side products have been identified for (ep)oxidation of 1-octene namely: 7-octen-2-one (2 0 ), 2-octenal (4 0 ), 1-octanoic acid (5 0 ), 1,2-octanediol (6 0 ) and octanal (7 0 ) (Scheme 3, Table 7 ). Some of those products are unexpected and not reported elsewhere. The conversion and chemoselectivity depend upon the ratio epoxy product in the catalytic process [8] , they proceeded by the type of catalysts, type of oxidant and the catalytic reaction conditions [10] .
By definition of the other formed side products at the end of each catalytic process at 45, 70 or 85°C (Table 5) , it is highly notable that the formed epoxide 3 experienced further oxidation to give 5, which underwent nucleophilic ring opening of 3 with aqueous hydrolysis forming 6 and 7 (Fig. 4) [23] . From Scheme 2, the amount of 5 and 6 depends upon the type of oxidant. Using an aqueous H 2 O 2 , ratios of 5 and 6 are high, while with TBHP, their amount ratios were reduced remarkably (Tables 5, 6 ). The presence of water with the molecular H 2 O 2 could probably causes aqueous hydrolysis and so improves the production of both 2-hydroxy-cyclooctanone (5) and cyclooctane-1,2-diol (6) (nucleophilic ring opening reaction) in the catalytic process compared to that process with TBHP [25, 26] . This suggestion could be acceptable due to the absence of any amount of 5 as a side product using TBHP after 16 h at 45°C (Table 6 ). GC-MS analyses detected two unexpected (ep)oxidation products which are 4-cyclooctene-1-one (2) and 2-cyclooctene-1-one (4). Carbon atoms C-3 or/and -8 and C-5 or/and -6 to the C=C group in ciscyclooctene molecule are high reactive to be incorporated in the oxidation reaction by either H 2 O 2 or TBHP with observable amounts of 2 and 4 especially at high temperature (85°C) catalyzed by VO(acac)(L) or VO(L) 2 (Table 5 ). Such work is similarly reported for the oxidation of cyclohexene previously by Maurya et al. [27] and Lashanizadegan et al. [28] . The catalytic (ep)oxidation of 1-octene is quite reactive with low regio-and chemoselecitivity compared to that redox process of cis-cyclooctene [5, 29, 30] . VO(acac)(L) and VO(L) 2 have high catalytic potential for the (ep)oxidation of 1-octene using either an aqueous H 2 O 2 or TBHP, in acetonitrile at low temperature (45°C) after 16 h. The catalytic process products are shown in Scheme 3 and are listed with various ratios in Table 7 . However, VO(acac)(L) and VO(L) 2 show high quite high regio-and chemoselectivity for the (ep)oxidation of cis-cyclooctene, they have low regio-and chemoselective control for the same process of 1-octene. These results agree with the obtained previously by us of VO-complexes of 1,3-dipyridin-2-yl-thiourea and cumarin [11] . The further oxidation of 3 0 is similar to that of 3 to give 5 which involved for further nucleophilic ring opening to afford 5 0 , which followed by aqueous hydrolysis of 5 0 to give 6 0 and 7 0 (Scheme 3). Effect of various reaction parameters, e.g. temperatures (45, 70 and 85°C), type/ ratio of catalyst (VO(acac)(L) or VO(L) 2 ), solvent and type of oxidant (an aqueous H 2 O 2 or TBHP) were studied to obtain the optimized (ep)oxidation reaction conditions of cis-cyclooctene in order to realize the highest amount of the target product, i.e. epoxy-product. Tables 5 and 6 show that VO(acac)(L) and VO(L) 2 are effective catalysts and have high control chemoselectivity in the (ep)oxidation process (Scheme 2). moderate to excellent catalytic control and chemoselectivity for the conversion of cis-cyclooctene, as shown in Tables 5 and 6 . At low temperature, 45°C, the conversion and chemoselectivity of ciscyclooctene to epoxy target product catalyzed by either VO(acac)(L) or VO(L) 2 was low even after long time (16 h), as observed in Table 6 . After 16 h, the control chemoselectivity with both catalyst complexes to the target product was moderate at 70°C and good at the highest reaction temperature (85°C) compared to that at 45°C.
Effect of temperature in the cis-cyclooctene (ep)oxidation reaction
At 70°C, the conversion was improved remarkably with VO(acac)(L) (84.68 and 91.52% using either H 2 O 2 or TBHP, respectively) to afford good percentage of the chemoselective product (49.09 and 74.38% using either H 2 O 2 or TBHP, respectively). With VO(L) 2 , the conversion was excellent (84.68 and 91.52% using either H 2 O 2 or TBHP, respectively) with moderate to low amount of chemoselective product depending upon the type of oxidant (45.57 and 20.88% using either H 2 O 2 or TBHP, respectively). The highest effective catalytic potentials VO(acac)(L) and VO(L) 2 catalysts could be observed at 85°C (* boiling point of acetonitrile) after 16 h. The uncontrol conversion was excellent with VO(acac)(L) (98.96 and 98.92% using either H 2 O 2 or TBHP, respectively) and the chemoselectivity was also remarkably excellent to afford epoxy-1,2-cyclooctane (69.95 and 84.08% using either H 2 O 2 or TBHP, respectively) ( Table 5 ). On the other hand, the conversion was good to excellent with VO(L) 2 (94.50 and 79.28% using either H 2 O 2 or TBHP, respectively) and the chemoselectivity was good (70.03 and 49.49% using either H 2 O 2 or TBHP, respectively) ( Table 5 ).
In particular, the effect of temperature is high effective parameter for determination of the optimized catalytic reaction condition of the (ep)oxidation of cis-cyclooctene using either an aqueous H 2 O 2 or TBHP catalyzed by VO(acac)(L) or VO(L) 2 (Fig. 3) . So, the optimized reaction temperature for the (ep)oxidation of cis-cyclooctene catalyzed by either VO(acac)(L) or VO(L) 2 using an aqueous H 2 O 2 or TBHP is 85°C for 16 h. It could be observed from the chromatograph that the intensities of cis-cyclooctene peaks are dramatically decreased, while the intensities of epoxy, 1,2-cyclooctene peaks are increased by prolongation of the oxidation time from 1 to 16 h. These observations are true for the (ep)oxidation of cis-cyclooctene catalyzed by either VO(acac)(L) using an aqueous H 2 O 2 ( Fig. 3a) and TBHP (Fig. 3b) , or VO(L) 2 using an aqueous H 2 O 2 ( Fig. 3c) and TBHP (Fig. 3d) .
The percentages of the other side products, as listed in Table 5 , are low in both VO(acac)(L) and VO(L) 2 , 29.01 or 24.47% using H 2 O 2 and 14.84 or 29.79%, using TBHP, respectively. The ratios of the side products are also depending upon the reaction temperatures which increased by increasing the temperature.
In significant, the catalytic process could be performed by increasing the reaction temperature depending upon the catalyst solubility and hydrolytic stability which resulted from the thermodynamic parameters (Table 4 , Fig. 2) . The solubility and hydrolytic stability of the VO-catalysts could be an effective parameter in the performance of the catalytic process [20] . At low temperature (45°C), VO(acac)(L) or VO(L) 2 have low catalytic potential using an aqueous H 2 O 2 or TBHP. This could refer to the heterogeneous nature and less reactivity of the catalyst, as observed experimentally and in previous studies for Mo IV O 2 -dihydrazone catalysts [31] . At high temperature (85°C), both VO-complexes are highly dissolved and more hydrolytic reactive in the reaction media and so both exhibit high catalytic activity for the (ep)oxidation of cis-cyclooctene, homogeneously. Conclusively, the optimized catalytic conditions are obtained at 85°C after 16 h with 0.01 mmol of VO(acac)(L) and VO(L) 2 .
Effect of type of catalysts and catalyst/substrate ratios Table 8 shows the effect of the catalyst amount ratio to the substrate (0.01:1, 0.05:1 and 0.10:1) in the proceeding of the catalytic (ep)oxidation. It is observed that the increase of the catalyst ratio reduces the (ep)oxidation time of cis-cyclooctene at 85°C from 16 h (optimum reaction conditions) using 0.01 mmol to 4 h using 0.05 mmol and to * 1.5 h using 0.1 mmol of either VO(acac)(L) or VO(L) 2 with remarkable improvement in the amount of the chemoselective product.
The electronic and steric effects [32] [33] [34] of the coordinated ligands and their substituents to VO 2? ion have subtle influence on the catalytic potential of the VOcomplex catalyst [8] . It seems that the coordinated ligands acac or HL has a remarkable effect on the catalytic potential of VO(acac)(L) and VO(L) 2 , sterically and electronically, as observed in previous work by our group [21] . Both effects could be remarked in the electrophilic character of the central VO 2? ion by the attach of the nucleophiles, i.e. H 2 O 2 or TBHP to the central metal ion [30] , especially after formation of the active VO ? intermediate (I) see the mechanistic pathway. The oxidation of cis-cyclooctene (1.0 mmol) by an aqueous H 2 O 2 (3.00 mmol) or TBHP (1. The other side products are listed as in Tables 5 and 6 Electronically, however, the coordination of VO 2? ion to one HL ligand through N-and O-atoms and with two O-atoms of acetylacetonate anion (acac), in VO(acac)(L) could probably form more reactive due to the high reactivity of the acetylacetonate group (acac), than its chelating to the two HL ligands, VO(L) 2 , as observed for vanadyl complexes by Rayati et al. [32] and by Maurya et al. [33] . Sterically, the more steric ligands decrease the catalytic activity of the catalyst [8] , hence, the steric effect is remarked in VO(L) 2 compared to VO(acac)(L). Consequently, VO(acac)(L) is more reactive and sufficient catalyst than VO(L) 2 in such redox process, Table 8 . This also could be elucidated by the thermodynamic parameters and formation constants (Table 4 and Fig. 2) , VO(L) 2 is little less stable than VO(acac)(L). The electronic and steric effects [32] [33] [34] could be remarked in the catalytic potentials of the VO-complexes by the electron transfer to the central metal ion and the oxygen transfer step in the catalytic processes (mechanistic pathway [30] ).
Effect of solvents and type of oxidants
The catalytic potential of oxovanadium complexes has been remarkably influenced by the nature of the solvent on (ep)oxidation processes, as reported recently [35] [36] [37] [38] . The effect of different organic solvents in nature, i.e. acetone, dichloromethane, chloroform and DMF (N,N 0 -dimethylformamide), on the (ep)oxidation of cis-cyclooctene by either an aqueous H 2 O 2 or TBHP catalyzed by The other side products are listed as in Tables 5 and 6 Reac Kinet Mech Cat (2018) 124:779-805 799 VO(acac)(L) and VO(L) 2 was investigated and summarized in Table 9 . Under the optimized reaction conditions, chloroform, acetone, DMF (N,N 0 -dimethylformamide) or carbon tetrachloride was subjected to cis-cyclooctene and an aqueous H 2 O 2 (3.0 mmol) or TBHP. The results in Table 9 illustrate that the conversion and control chemoselectivity are high influenced by the nature of solvent. With an aqueous H 2 O 2 , acetonitrile is the most effective solvent (70% catalyzed by VO(acac)(L) or VO(L) 2 ), whereas, with TBHP, carbon tetrachloride and chloroform afforded the highest amount of epoxy product (Table 9 ) (87 and 68% catalyzed by VO(acac)(L) or VO(L) 2 , respectively). In other solvents (DMF and acetone), the epoxidation yields were low for both oxidants and catalysts.
Although, the high coordination ability of acetonitrile [5, 35, 38, 39] , it is still the best solvent for the epoxidation processes due to its high resistant for oxidation. The high dielectric constant of acetonitrile could improve the catalytic potential of H 2 O 2 [22, [31] [32] [33] , this is why acetonitrile is the best solvent for the epoxidation reaction using an aqueous H 2 O 2 , as resulted in Table 9 .
Oppositely, the most effective solvent for using TBHP as the oxidant is carbon tetrachloride and chloroform as reported previously [11, 35, [38] [39] [40] [41] (Table 9 ). The inability of carbon tetrachloride and chloroform with low dielectric constant to coordinate to the central metal ion could be the reason to improve the catalytic yield of the epoxidation process.
The mechanistic aspects
Several mechanistic pathways have been proposed for the (ep)oxidation of alkenes catalyzed by oxovanadium complexes with alternative visions [22, 42] . Here we try to summarize the most convenient mechanism of the catalytic (ep)oxidation of alkenes. Despite, V 4? =O species are relatively stable toward oxidation, they may be easily oxidized to V 5? =O species, as active species [20, 22] , in the presence of a suitable oxidant homogeneously and heterogeneously [41] . Therefore, the mechanism of (ep)oxidation catalytic reactions are performed by the type of oxovanadium(IV) complexes [5] and is strongly depending upon the oxidant, e.g. H 2 O 2 , via formation of a peroxide intermediate complex with the VO-catalyst, or through coordination of ROO -anion of alkylhydroperoxides ROOH to the central metal ion [26, 42] . The effect of the oxidant on the catalytic potentials of the VO-complexes has been evaluated by monitoring their UV-Vis. spectral changes, cyclic voltammeteries [43] or the electrochemical behavior of VO-catalysts in the catalytic processes [17, 25, 32, 33] . The treatment of either an aqueous H 2 O 2 or TBHP to the VO-complex solution in acetonitrile in presence of cis-cyclooctene causes an observable shift of the characteristic maximum absorption band of the L-MCT band [33] (Fig. 4) .
Such shift could be observed from 409 to 388 nm and from 400 to 352 nm for VO(acac)(L) and VO(L) 2 , respectively. These shifts are accompanied with changing in color from greenish brown to dark yellow and from green to yellow for VO(L) 2 and VO(acac)(L), respectively (Figs. 5, 6 ) without no observable changes in the absorption bands at 248 and 232 nm (p ? p*) and 275 and 277 nm (n ? p*) of VO(L) 2 and VO(acac)(L), respectively (Fig. 4) . This change could be due to the oxidation of the central metal ion from V 4? =O to V 5? =O [42, 43] in agreement with the most previous reported studies [32, 33, [44] [45] [46] transfer [47] from the catalyst to the oxidant (species I), as reported by Monfared et al. [11] and by Maurya et al. [33] This causes an observable shift of the characteristic maximum absorption band of the L-MCT band, as mentioned above, which is followed by an interaction between the active V 5? =O intermediate species, as electrophiles. Then, another H 2 O 2 or TBHP molecule to give an oxo-peroxo intermediate complex (species II), as suggested by Rayati et al. [32] and Bisht et al. [33] . The oxo-peroxo intermediate complex (species II) could be formed due to coordination of an oxidant molecule, as a nucleophile (with high electron density on the oxygen atom), to the active V 5? =O oxo-peroxo intermediate (species I), as well reported elsewhere [30, 42] . It followed by an approach of the substrate (ciscyclooctene or 1-octene) to the coordinated oxidant giving a new oxo-peroxo intermediate (species III A) resulted from the interaction of the V 5? =O with the coordinated oxidant, V 5? =O-H [48] , as suggested by Grivani et al. [26, 33, 35] and Rayati et al. [43] . However, with mass spectroscopic detection by Bortolini et al. [42] , another proposed pathway for the reactivity of species II was suggested by removal of a water or tert-butyl alcohol (tBuOH) molecule to give a new peroxo intermediate complex (species III B) [30, 49] . The peroxo intermediate species III B could be in an equilibrium with dioxovanadium intermediate complex (III B') [21, 30, 42] . Both intermediates (III B and III B') could be formed due to oxygen transfer step [20] . The presence of III B' could be more acceptable for VO(acac)(L) due to the presence of a high reactive acetylacetonate ligand [20, 50] . The presence of III B could be more acceptable for VO(acac)(L) due to the presence of a high reactive acetylacetonate ligand [20, 50] . This suggestion has been studied by Nunes et al. [41] donor atom electrochemical contribution to redox potentials (DEC) of the O ac (acetylacetonate-enolic oxygen) compared to N py (pyridine nitrogen) in the square pyramidal vanadyl complexes is an important study to measure the VO-complexes reactivity toward catalytic oxidation processes as reported by Keramidas et al. [51] and by our previous work [52, 53] . This could be a highly acceptable reason for the higher catalytic activity of VO(acac)(L) compared to VO(L) 2 in the (ep)oxidation processes of cis-cyclooctene or 1,2-octene homogeneously.
One involves an external attack of the olefin at the coordinated peroxide, and the second involves an inner sphere mechanism by coordination of the olefin to VO 2? ion. This suggested mechanism involves replacement of acetylacetonate ligand by the nucleophilic oxidant, i.e. H 2 O 2 with coordination to the central metal ion. The decay in the intensity of the characteristic maximum absorption band could be resulted from the oxygen transfer [22, 54] , i.e. oxygenation, from the species IV to the approached substrate in order to be oxidized forming the chemoselective product (epoxy-1,2-cyclooctane or epoxy-1,2-octane) and other products with regeneration of the active species I (Scheme 4). Finally, the probability for the replacement of the reactive acac ligand by the oxidant molecule could be not supported here as detected elsewhere [33, 54] , because the small difference in the reactivity and catalytic sufficiency between VO(acac)(L) and VO(L) 2 is not high remarkable.
Conclusion
1,3-Dipyridin-2-yl-urea as a ligand reacts with VO(acac) 2 forming two novel ternary and binary mono-oxovanadium(IV) complexes depending upon the ratios of ligand to metal, 1:1 in VO(acac)(L) and 1:2 in VO(L) 2 . They are characterized by EA, IR and UV-Vis Spectra, conductivity and magnetic measurements. The calculated formation constants K f from the spectrophotometric measurements show that VO(acac)(L) is less stable than VO(L) 2 . The catalytic (ep)oxidation of ciscyclooctene and 1-octene by an aqueous hydrogen peroxide, H 2 O 2 , and tert-butyl hydroperoxide, TBHP, as oxygen sources, is studied in the presence of either VO(acac)(L) or VO(L) 2 , as a homogeneous catalyst, within effects of temperature, solvent and oxidant/alkene molar ratio are studied in order to get the optimized reaction conditions. The chemoselective product of cis-cyclooctene (ep)oxidation is epoxy-1,2-cyclooctane and for 1-octene, the chemoselective product is epoxy-1,2-octane. The side products of the catalytic (ep)oxidation of cis-cyclooctene determined qualitatively and quantitatively by GC-Mass which are 4-cyclooctene-1-one, cyclooctanone, cyclooctane-1,2-diol, 2-cyclooctene-1-one and 2-hydroxycyclooctanone, a side products. For 1-octene, the side products are 7-octen-2-one, 2-octenal, 1-octanoic acid, 1,2-octanediol and octanal. The increase of the catalyst amount to double time reduces the (ep)oxidation process time with improvement of the amount of the chemoselective epoxy product. The electronic effect of the coordinated ligands in VO(acac)(L) and VO(L) 2 has an impact on their catalytic potentials by the yield of the chemoselective products of the (ep)oxidation of ciscyclooctene and 1-octene. The type of oxidant, an aqueous H 2 O 2 and TBHP, effects on the amount of the (ep)oxidation yield of the chemoselective products, in which TBHP is more reactive than an aqueous H 2 O 2 due to the aqueous hydrolysis ring opening reaction. The mechanistic pathway is suggested and shows an electron transfer from the oxidant to the catalyst forming an active intermediate of V 5? Ospecies which is detected spectroscopically.
